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Stewart, Sheila M., Anderson, Isobel M. E., Jones, G. R., and Calder, Margaret A. (1974) . Thorax, 29, [110] [111] [112] [113] [114] . Amoxycillin levels in sputum, serum, and saliva. The levels of amoxycillin in sputum, saliva, and serum from 22 patients were estimated. Fifteen patients had pneumonia and seven had acute exacerbations of chronic bronchitis. The drug was given orally in a dose of 500 mg four times daily.
There was considerable variation in the levels in specimens from different patients. The mean sputum levels two to three hours and six hours after the dose were 0-52 and 0'53 jg/ml respectively. The mean two-hour saliva level was 0-32 pg/mI. The mean serum levels two and six hours after the test dose were 110 and 3 5 jg/ml respectively. The higher levels of amoxycillin were usually associated with the presence of more pus in the sputum. The mean levels of amoxycillin at comparable times were significantly greater than those found in a previous study after the same dose of ampicillin.
Clinical response to treatment occurred more rapidly in those patients with sputum levels of 0-25 jig amoxycillin per ml or above than in those with lower levels. The time taken to clear potential pathogens from the sputum was related to the pathogen rather than to the amoxycillin level, Haemophilus influenzae persisting for longer than Streptococcus pneumoniae.
Amoxycillin is a new synthetic penicillin derived from 6-amino penicillanic acid. In chemical structure and spectrum of activity it bears a close resemblance to ampicillin, but it has been suggested that it is absorbed better after oral administration (Croydon and Sutherland, 1970 (Stewart, Fisher, Young, and Lutz, 1970) . The specimens were assayed by the cup diffusion technique previously described (Stewart et al., 1970) , using a yeast agar and Sarcina lutea as the test organism. Before assay, the sputa were homogenized in equal quantities of sterile distilled water using glass beads. Sera were tested neat and at dilutions of 1 :10 and 1 : 100 in sterile distilled water. Specimens of saliva were tested neat after being shaken with glass beads. Twofold dilutions of amoxycillin in sterile distilled water at final concentrations of 1 0, 0 5, 0 25, 0-12, and 0-06 ,g/ml were prepared immediately before use. A set of standards was included in each batch of assays for the preparation of the standard curves from which the drug levels in the test specimens were calculated. The plates were incubated for 24 hours before the zones of inhibition were measured. All specimens and standard dilutions were set up in duplicate and the mean diameters of the zones of inhibition were used in calculating the drug levels.
SPUTUM CULTURE Sputum was collected for culture for bacterial pathogens before the start of treatment and two, five, and 10 days later. The sputum was homogenized by being shaken with sterile distilled water and glass beads. Cultures were set up on blood agar and on heated blood agar, the plates being incubated in an atmosphere of 10% CO2 at 370 C. Mice were inoculated with homogenized sputum by the intraperitoneal route. Cultures were also set up from the assay specimens of sputum.
Streptococcus pneumoniae was identified by optochin sensitivity and Haemophilus influenzae by X and V factor dependence.
RESULTS

LEVELS OF AMOXYCILLIN IN SPUTUM, SALIVA, AND
SERUM The results of sputum, saliva, and serum levels after 500 mg of amoxycillin are shown in Table I . There was considerable variation in the levels in specimens from different patients. Although the mean sputum levels two to three hours and six hours after the dose was given were similar, namely 0-52 and 0-53 jig/ml, only seven of the 21 levels in the six-hour specimens were 05 ug/ml or above as compared with 13 out of the 22 specimens taken at two to three hours. The mean serum level after two hours was 11 0 ,ug/ml compared with 3 5 ,ug/ml after six hours. The mean saliva level two hours after the dose was 0-32 ,ug/ml. The mean two to three hours sputum level in patients with pneumonia was 0 57 ,ug/ml (range 0 03 to 2 00 ,ug/ml). In patients with acute exacerbations of chronic bronchitis the mean level was 0 42 ,ug/ml (range 0 06 to 0 62 ,ug/ml). comparison between the mean antibiotic levels in the sputum at two to three hours and in the saliva and serum at two hours after 500 mg of amoxycillin and 500 mg or 1,000 mg of ampicillin is shown in Figure 1 . The ampicillin levels were those found in similar patients in a previous investigation (Stewart et al., 1970) . The mean levels of amoxycillin were significantly higher than those of ampicillin after the same dose. The levels in the sputum after 1,000 mg ampicillin were similar to those after 500 mg amoxycillin; the serum levels were higher after the ampicillin. Figure 2 shows the relationship between the clinical response and the amoxycillin level in the two to three hours sputum. The number of patients who responded by the seventh day was significantly greater in those with sputum levels of 0-25 ug/ml or above than in those with levels of less than 025 ,xg/ml (0 02>P>0 01). The mean duration of fever in patients with pneumonia with levels of less than 0 25 ug/ml was 10 3 days compared with 4 1 days in those with levels of 0 25 ug /ml or above.
In the bronchitics the mean times for the sputum to become mucoid were 12 3 and 4 0 days respectively. Although there was a tendency for higher serum levels to be associated with a more rapid clinical response, the results were not statistically significant. found in the present series, in which the mean two-hour level was 11 0 ,ug/ml and the six-hour level 3 5 ug/ml. The patients in the present study were not fasted before being given the test dose of the drug, but it was given preprandially. Croydon and Sutherland (1970) showed that the presence of food in the stomach at the time the dose was given did not affect the antibiotic level in the serum. The figures reported by May and Ingold (1972) are slightly lower, the mean twohour serum level being 77 ,ug/ml. The sputa examined in the present study were collected between the second and third hour and at the sixth hour after the dose. The mean levels were 0-52 and 0-53 ,ug/ml respectively. These levels are higher than those reported by May and Ingold (1972) , who found levels of a 'trace' to 0-7 ,ug/ml in 24-hour collections of sputum in patients receiving 500 mg of amoxycillin sixhourly. The differences between these two series are not easy to explain. The dose of amoxycillin was the same. In May and Ingold's series the sputum assays were carried out on 24-hour collections of sputum while in the present study the sputa were collected over a period of one hour and assayed immediately. It has been shown that the presence of penicillinase-producing organisms in the sputum results in a lower sputum level of amoxycillin (May and Ingold, 1972) . The collection of the sputum over a 24-hour period may allow the enzyme to break down the antibiotic in vitro, whereas the immediate assay of the specimens may reduce this activity to a minimum. May and Ingold's patients were K predominantly cases of chronic bronchitis, whereas 15 of our 22 patients had pneumonia. In our series patients with pneumonia tended to have higher sputum levels, with a mean of 0 57 ,ug/ml compared to 0-42 ,ugg/ml in specimens from patients with bronchitis. This may in part have accounted for the higher sputum levels in the present study. There may also be a technical difference in the assay method, since our mean serum levels, which agree well with those reported by Croydon and Sutherland (1970) , were also higher than those reported by May and Ingold.
In the present series the clinical response was related to the level of antibiotic in the two to three hours sputum. There was a significantly higher number of patients showing response by the seventh day of treatment in the group whose two to three hours sputum level was 0-25 ,ug/ml or above than in those with lower levels. This suggests that the level of the drug in the sputum is of clinical importance. These findings are in accord with the results of May and Ingold (1972) . Croydon and Sutherland (1970) showed that serum concentrations of amoxycillin were nearly twice as high as those of ampicillin after similar doses of the drugs. In the present study, two to three hours sputum levels were significantly higher after 500 mg amoxycillin than after 500 mg ampicillin given to a similar series of patients in a previous study (Stewart et al., 1970) and were equivalent to the ampicillin levels obtained after doses of 1,000 mg in that investigation.
The significant association between the more rapid clinical response and the higher sputum levels of amoxycillin together with the demonstration of significantly higher sputum levels of amoxycillin than of ampicillin after the same oral dose of 500 mg given four times daily suggests that amoxycillin may be preferable to ampicillin at that dose for the treatment of bacterial respiratory infections. However, the two series quoted here were done at different times and it would be necessary to conduct a properly controlled trial of the two drugs in the treatment of such infections to establish the superiority of amoxycillin. 
